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SUMMARY
Previous studies have shown that the stiffness of corrugated
board, especially at high humidity, can be markedly increased by impreg-
nating the corrugating medium, liners, or both with elemental sulfur.
This report describes a study of the behavior of untreated
and sulfur-treated single-faced corrugated paperboard during a two-
month exposure to relative humidities in excess of 80% at 40°F. A ques-
tion had been raised as to whether the superiority of sulfur-treated
corrugated would survive an extended exposure to high relative humidities.
Five samples of 26-lb. Chemfibre corrugating medium were fab-
ricated into A-flute single-faced board with 42-lb. kraft linerboard
and starch on the laboratory corrugator. Two of these mediums were
untreated; the other three were treated with sulfur with 38, 56, and
70% sulfur pickups, respectively. As would be expected, the stiffness
of untreated and sulfur-treated corrugated board decreased on prolonged
exposure to a high relative humidity maintained at 40°F.; however, the
sulfur-treated board was markedly superior as indicated by the following:
Moisture pickup determinations indicated that the superiority
of sulfur-treated paperboard at high relative humidities prevails in
spite of moisture contents which are nearly equal, in respect to fiber
alone, to those present in ordinary paperboard at the same high relative
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Flat crush test results indicated that the superiority of the
sulfur-treated over the untreated board was generally greater at the
high relative humidities than at 50% relative humidity. Moveover, the
ratios indicate no sustained reduction in this superiority upon extended
exposure to high relative humidities at 40°F.
The results of the single-faced board ring compression testing
confirmed these conclusions. Although, in this test, the superiority of
the sulfur-treated board was at first less at high relative humidities
than at 50% relative humidity, the superiority of the sulfur-treated
board generally increased during the extended exposure to high relative
humidities until the superiority of the sulfur-treated board exceeded
its 50% R.H. superiority over untreated board.
With respect to both flat crush and ring compression strength,
the superiority of the sulfur-treated board over the untreated board was
generally greater with the greater sulfur pickup.
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INTRODUCTION
The Fourdrinier Kraft Board Institute, Inc., has initiated at
The Institute of Paper Chemistry a co-operative program of investigation
regarding the manufacture and utilization of sulfur-impregnated paper-
board.
One of the first developments in this program was a method
for applying molten sulfur to corrugating medium either as a separate
operation or during the corrugating operation. It was found that com-
bined board made with a sulfur-treated corrugated medium was generally
stronger than ordinary combined board. Moreover, it was found that the
sulfur-treated board retained a greater fraction of its strength under
high relative humidity conditions than did the ordinary board.
However, it was suspected that these benefits might be tempor-
ary and that the superiority of the sulfur-treated corrugated medium
might not survive extended exposure to high relative humidities.
The present report describes a study of the behavior of
sulfur-treated corrugated paperboard during a two-month exposure to
relative humidities in excess of 80% at 40°F.
MATERIALS
The materials tested in this study were five samples of
single-faced, A-flute corrugated paperboard; in three of these, the
corrugated medium was sulfur-treated. For each of the five samples,
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42-lb. kraft linerboard was used as the single-face liner; the adhesive
was starch. Each sample was fabricated on the laboratory corrugator at
The Institute of Paper Chemistry. The corrugated mediums of the five
samples were as follows:
File 139726--26-lb. Chemfibre, one side sulfur-treated
during corrugating operation.
File 139727--same as 139726, but untreated.
File 140445--26-lb. Chemfibre, both sides sulfur-treated
during rewinding.
File 140446--same as 140445, but untreated.
File 140492--same as 140445, except that diphenyl was used
to increase sulfur application.
Each sample of single-faced corrugated board was cut into
sheets 21 to 24 inches long (14-inch cross-machine width). These sheets
were rearranged in random order and the required numbers of circular five-
square-inch specimens (weight and flat crush test) and 20 x 4-inch ring
compression test specimens were cut from the sheets. The circular speci-
mens and the rectangular specimens were rearranged in random order. Sub-
sequently, the specimens were used in the order of their accessibility.
PROCEDURE
All the specimens were exposed for at least 72 hours in wire
trays suspended in an atmosphere at 20% R.H. and 73°F. Then, for each
sample, five of the circular specimens were weighed, individually, on an
analytical balance, at 20~ R.H. and 73°F.
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For each sample, ten circular specimens and ten rectangular
specimens were exposed 48 hours in wire trays suspended in air at 50% R.H.
and 73°F. Then the circular specimens were tested for flat crush and the
rectangular specimens were tested for ring compression.
The weighed circular specimens and the remaining flat crush and
single-faced board ring compression test specimens were moved from the 20%
R.H. and 735. atmosphere to an atmosphere having a relative humidity in
excess of 80% and a temperature of 400F. At intervals during their nine
weeks' exposure to this high relative humidity, the weight specimens were
reweighed. After various periods of exposure, the flat crush specimens
and the ring compression specimens were subjected to their respective tests
(ten specimens at a time per sample, for each test). The flat crush test-
ing was done in the high relative humidity atmosphere but the single-faced
board ring compression test specimens were tested immediately upon exposure
to 50% R.H. and 73°F.
The Hinde and Dauch compression testing machine was used for
the flat crush testing; the platen-to-platen loading rate for this machine
was 990 pounds per minute.
The single-faced board ring compression testing was performed on
the Baldwin-Southwark universal testing machine with a testing speed of
0.5 inch per minute.
DISCUSSION OF RESULTS
From the weights of the circular five-square-inch specimens at
20% R.H. and 73°F., the basis weight and percentage sulfur pick-up data




were calculated (Table I). The percentage sulfur pickup was computed from
the differences between the basis weights of the treated and untreated
board. The basis weight of the corrugating medium was considered to be the
nominal 26 pounds. Thus, the percentage sulfur pickup was computed by
dividing 100 times the difference between the basis weights of the treated
and untreated single-faced corrugated board by the basis weight of the cor-
rugated medium (40.3 pounds). File No. 139727 board was used as the un-
treated version of File No. 139726 board and File No. 140446 board was used
as the reference for File No. 140445 and 140492 boards.
TABLE I
WEIGHT AND SULFUR PICKUP
(20% R.H., 73°F.)
Weight
Institute (Single-faced corrugated board







(on the basis of the untreated






Because of the limitations of the air-conditioning and control
equipment available and because of other work in progress during the nine-
week exposure period, it was not possible to maintain the high relative
humidity air within the small range of relative humidities required to ob-
tain substantially constant paperboard properties after extended exposure
to relative humidities in excess of 80%. Furthermore, the five different
f
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boards were not all introduced into the high relative humidity air at the
same time. However, File 139726 and 139727 specimens were exposed to the
high relative humidity air at the same time and the subsequent testing was
done at the same times for the-two boards. Therefore, inasmuch as the
two boards were subjected to the same treatment before being tested, the
results may be expected to indicate whether the superiority of sulfur-
treated corrugating medium survives extended exposure to high relative
humidities. Likewise, File 140445, 140446, and 140492 specimens were ex-
posed to the high relative humidity air at the same time and the subsequent
testing was done at the same times for these three boards. Therefore, the
results for these three boards are also indicative of whether the superiority
of sulfur-treated corrugated medium survives extended exposure to high
relative humidities.
It should be stressed that the exposure and testing of File 139726
and 139727 specimens was three weeks ahead of that of File 140445, 140446,
and 140492 specimens. In view of the fluctuation of the relative humidity
of the high humidity air, the high relative humidity test results for the
56% and 70% sulfur-treated boards should not be compared with those for
the 38% sulfur-treated board except through the results for the correspond-
ing untreated boards.
Furthermore, it should be stressed that it was not always feasible
to carry out the weighing, the flat crush testing, and the ring compression
testing, simultaneously at each interval of exposure to high relative humidi-
ties. Therefore, in view of the fluctuation of the relative humidity of the
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high relative humidity air, the weight, flat crush, and ring compression
test results for a given board and high relative humidity exposure inter-
val should not be compared.
The average percentage differences between the weights of the
single-faced boards at 20% R.H. and 730F. and the weights after various
periods of exposure at the high relative humidities are shown in Table II.
These differences have been attributed to increases in moisture content.
Thus, the differences are expressed in terms of percentage moisture pick-
up on the basis of the weights at 20% R.H. and 730F., the latter being
the references for the determinations of the differences and the denomina-
tors in the determination of the percentages.
It may be seen from Table II that the percentage moisture pick-
up upon exposure to high relative humidities was generally less for the
sulfur-treated board than for the untreated board. Furthermore, the per-
centage moisture pickup was generally less for board with the greater sul-
fur pickup. However, the percentage moisture pickup wat computed on the
basis of the whole weight of the paperboard, including the weight of the
sulfur. Therefore, these data do not indicate whether the moisture pick-
up, on the basis of fiber alone, was reduced by the sulfur treatment.
In order to determine whether the moisture pickup, on the basis
of fiber alone, was reduced by the sulfur treatment, the moisture pickup
was converted from percentage to basis weight terms. Accordingly, in
Table III the increases in moisture content upon exposure to high relative-
humidities are given in pounds per thousand square feet of single-faced
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board. It may be seen in Table III that the weight increase was generally
only slightly less for the sulfur-treated board than for the untreated
board. This is confirmed by the ratios of the moisture pickups of the
sulfur-treated boards to those of the untreated board. Inasmuch as the
basis weights of the boards were alike except for the sulfur content,
this indicates that the moisture pickup, on the basis of fiber alone, was
not greatly reduced by the sulfur treatment.
In the extreme instance in Table III, the ratio of the moisture
pickup of the single-faced 70% sulfur-treated board to that of the untreated
board was 0.95 upon 6 hours of exposure to high relative humidities. In
view of the fact that only the corrugated medium (about half the fiber in
the single-face board) was sulfur-treated, this indicates that the moisture
pickup of the 70% sulfur-treated corrugated medium, on the basis of fiber
alone, was nine tenths of that of the untreated corrugated medium, even
in this extreme instance. Thus, it appears that the additional strength
of sulfur-treated paperboard at high relative humidities prevails in spite
of the moisture contents which are nearly equal, in respect to the fiber
alone, to those present in ordinary paperboard at the same high relative
humidities.
The average flat crush test values are shown in Table IV. The
ratios of the average flat crush test values for the sulfur-treated board
to those of the untreated boards are indicated in this table. These ratios
indicate that the flat crush strength of single-faced corrugated board is
increased by the sulfur treatment. Furthermore, the ratios indicate that
the relative superiority of the sulfur-treated board was generally greater
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at the high relative humidities than at 50% R.H. Moreover, the ratios in-
dicate no sustained reduction in this superiority upon extended exposure
to high relative humidities at 40°F. This is shown graphically in Figures
1, 2, and 3 in which the average flat crush values for the untreated and
38, 56, and 70% sulfur-treated board are compared.
The average single-faced board ring compression test values
are listed in Table V and illustrated in Figures 4, 5, and 6. The ratios
of the average ring compression test values for the sulfur-treated board
to those of the untreated boards are indicated in Table V. These ratios
indicate that the ring compression strength of single-faced corrugated
board is increased by sulfur treatment of the corrugating medium. Although
the relative superiority of the sulfur-treated board was at first less at
high relative humidities than at 50% R.H., the superiority of the sulfur-
treated board generally increased during the extended exposure to high
relative humidities until the superiority of the sulfur-treated board ex-
ceeded its 50% R.H. superiority over untreated board.





SIITL-FACED RING COMPRESSION TEST RESULTS
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50%R.H. Exposure to Relative Humidities Exceeding 80% at 40°F.
730 F.
Figure 1
Flat Crush Test Results for Untreated
and 38% Sulfur-treated
Corrugated Mediums







.- ~U (File 140446)
50%RH. Exposure to Relative Humidities Exceeding 80% at 40°F
73°F.
Figure 2
















































50%R.H. Exposure to Relative Humidities Exceeding 80% at 40'F.
73 OF.
Figure 3






















































50%RH Exposure to Relative Humidities Exceeding 90% at 40 F.
73 F.
Figure 4
Single-faced Board Ring Compression Test










































































50%RH Exposure to Relative Humidities Exceeding 80% at 40F.
73 F. Figure 6
Single-faced Board Ring Compression Test
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